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PHYSICAL AGENTS DIRECTIVE 
DOSIMETER SYSTEM 

TECHNICAL FIELD 

This disclosure relates generally to a work machine 
operational environment and, more particularly, to work 
machine physical agents directive (PAD) dosimeter tech 
nologies. 

BACKGROUND 

Built with advanced technologies, modern work machines 
can have large power-to-weight ratios and/or operate at high 
speed. High speed or large power-to-weight ratios may 
cause increased vibration of the work machines and/or 
vibration of various parts of the work machines. An operator 
of a modern work machine may be exposed to such vibra 
tion, which may be measured as hand-arm vibration and 
whole body vibration. 
Whole body vibration, which may be transmitted to the 

entire human body, may have adverse health effects on the 
operator under a prolonged exposure. Whole body vibration 
measurement techniques have been recently developed to 
measure whole body vibration on a human body. For 
example, Vibration Analysis ToolSet, as described in Com 
prehensive Human Wbralion Analysis Solution, measures 
human vibrations for whole body analysis by using stand 
able components. Such analysis tools, however, often mea 
sure vibration exposure using extra components and, thus, 
may be impractical to be used to address work machine 
related vibration exposures. 

Recognizing the risks of vibration exposure, the European 
Union has adopted a new directive, 2002/44/EC, “on the 
minimum health and safety requirements regarding the 
exposure of workers to the risks arising from physical agents 
(vibration),” the physical agents directive (PAD), to estab 
lish limits for whole body vibration. To comply with these 
limits, there is a need for PAD compliant measurement 
equipment to monitor work machine related vibration expo 
sure. 

Methods and systems consistent with certain features of 
the disclosed systems are directed to solving one or more of 
the problems set forth above. 

SUMMARY OF THE INVENTION 

One aspect of the present disclosure includes a portable 
PAD dosimeter system. The portable PAD dosimeter system 
may include a housing and at least one accelerometer 
con?gured to generate electrical signals corresponding to a 
vibration exposure of an operator of a work machine. The 
portable PAD dosimeter system may also include a control 
ler disposed in the housing con?gured to process the elec 
trical signals and to determine whether the vibration expo 
sure is above a predetermined threshold. 

Another aspect of the present disclosure includes a por 
table PAD dosimeter system. The portable PAD dosimeter 
may include a housing con?gured to be mountable on a part 
of a work machine and at least one accelerometer mounted 
inside the housing to generate electrical signals based on 
vibrations experienced by the housing, which correspond to 
a vibration exposure of an operator of the work machine. 
The portable PAD dosimeter may also include a controller 
contained in the housing and con?gured to process the 
electrical signals and to determine whether the vibration 
exposure is above a predetermined threshold. 
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2 
Another aspect of the present disclosure includes a 

method for determining PAD compliance of a work 
machine. The method may include mounting a portable PAD 
dosimeter on a part of the work machine and using the 
portable PAD dosimeter to measure whole body vibration 
exposure of an operator of the work machine and to generate 
measurement data. The method may also include determin 
ing whether the whole body vibration exposure is above a 
PAD whole body vibration threshold. 

Another aspect of the present disclosure includes a work 
machine. The work machine may include an engine to 
provide power to the work machine and a portable physical 
agents directive (PAD) dosimeter ?tted to the work machine. 
The portable PAD dosimeter may include at least one sensor 
to generate electrical signals corresponding to a vibration 
exposure of an operator of the work machine and a controller 
con?gured to process the electrical signals and to determine 
whether the vibration exposure is above a PAD threshold. 
The portable PAD dosimeter may also include an on-board 
control system coupled with the portable PAD dosimeter via 
a data link to exchange information with the portable PAD 
dosimeter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial illustration of an exemplary work 
machine that may incorporate certain disclosed embodi 
ments; 

FIG. 2A illustrates an exemplary physical agents directive 
(PAD) dosimeter system consistent with certain disclosed 
embodiments; 

FIG. 2B illustrates another exemplary physical agents 
directive (PAD) dosimeter system consistent with certain 
disclosed embodiments; 

FIG. 3 illustrates an exemplary block diagram of a PAD 
controller of the PAD dosimeter system consistent with 
certain disclosed embodiments; 

FIG. 4 illustrates a block diagram of an exemplary con 
troller of the exemplary work machine; 

FIG. 5 illustrates a ?owchart of a measuring process 
performed by the PAD controller consistent with certain 
disclosed embodiments; 

FIG. 6 illustrates a ?owchart of an interaction process 
performed by the PAD controller consistent with certain 
disclosed embodiments; and 

FIG. 7 illustrates a ?owchart of a control process per 
formed by the exemplary controller consistent with certain 
disclosed embodiments. 

DETAILED DESCRIPTION 

Reference will now be made in detail to exemplary 
embodiments, which are illustrated in the accompanying 
drawings. Wherever possible, the same reference numbers 
will be used throughout the drawings to refer to the same or 
like parts. 

FIG. 1 illustrates an exemplary work machine 100 in 
which features and principles consistent with certain dis 
closed embodiments may be incorporated. Work machine 
100 may refer to any type of ?xed or mobile machine that 
performs some type of operation associated with a particular 
industry, such as mining, construction, farming, transporta 
tion, etc. and operates between or within work environments 
(e.g., construction site, mine site, power plants, on-highway 
applications, etc.). Work machine 100 may also refer to any 
type of automobile or commercial vehicle. Non-limiting 
examples of mobile machines include on-highway vehicles, 
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commercial machines, such as trucks, cranes, earth moving 
vehicles, mining vehicles, backhoes, material handling 
equipment, farming equipment, marine vessels, aircraft, and 
any type of movable machine that operates in a Work 
environment, and/or cars, vans, trucks, and any type of 
automobile and commercial vehicle. Although, as shoWn in 
FIG. 1, Work machine 100 is illustrated as a backhoe type 
Work machine, it is contemplated that Work machine 100 
may be any type of Work machine. Further, Work machine 
100 may be a conventionally poWered, hybrid electric poW 
ered, and/or fuel cell poWered Work machine. 
Work machine 100 may expose Whole body vibration on 

its operators during operation. The European Union’s physi 
cal agents directive (PAD) imposes tWo thresholds regarding 
Whole body vibration. An action threshold refers to a Whole 
body vibration exposure level above Which an oWner of a 
Work machine is required to develop and implement an 
action plan. The action plan is for reducing vibration at 
levels above the action threshold. A limit threshold refers to 
a Whole body vibration exposure level that cannot be 
exceeded. Both thresholds may be tracked as daily exposure 
values during a Work shift over, for example, an eight-hour 
reference period. 
As shoWn in FIG. 1, Work machine 100 may include an 

engine 105, a PAD dosimeter system 110, an operator seat 
115, and a controller 120. Engine 105 may be any appro 
priate type of engine, such as an internal combustion engine, 
and may provide poWer to Work machine 100, controller 
120, PAD dosimeter system 110, and/or other components 
(not shoWn) on Work machine 100. Operator seat 115 may 
be provided for an operator or operators to sit during 
operation of Work machine 100. Operator seat 115 may be 
any appropriate type of seat or bench used on Work 
machines. 
PAD dosimeter system 110 may be provided to measure 

Whole body vibration exposure levels on Work machine 100. 
FIG. 2A shoWs exemplary details of PAD dosimeter system 
110. As shoWn in FIG. 2A, PAD dosimeter system 110 may 
include a housing 202, a RESET button 204, a STOP button 
206, and a START button 208. PAD dosimeter system 110 
may also include an x-direction input 210, a y-direction 
input 212, a Z-direction input 214, a cable 216, an I/O port 
218, an accelerometer 220, and a PAD controller 250. 
Housing 202 may be made from any appropriate materials, 
such as metal, plastics, or other composite materials. Hous 
ing 202 may be of any appropriate shape suitable to support 
or mount components and/or electronic circuit boards. In 
one embodiment, housing 202 may be a rectangular box 
With a length of approximately four inches, a Width of 
approximately 3 inches, and a height of approximately one 
and a half inches. 
RESET button 204, STOP button 206, and START button 

208 may be mounted on housing 202 to alloW a user to 
manually operate PAD dosimeter system 110. START button 
208 may be pressed to begin a data collection cycle, and 
STOP button 206 may be pressed to end the data collection 
cycle. RESET button, on the other hand, may clear previ 
ously collected data and/or restart PAD dosimeter system 
110. 

Accelerometer 220 may be any appropriate type of accel 
erometer that may detect acceleration or vibration on an 

x-axis, y-axis, and Z-axis and may convert detected accel 
eration or vibration on the x-axis, y-axis, and Z-axis into 
separate electrical signals. Alternatively, accelerometer 220 
may include multiple accelerometers each detecting accel 
eration in a different direction (e.g., x-axis, y-axis, and/or 
Z-axis, etc.). Although FIG. 2A shoWs that accelerometer 
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4 
220 is mounted on a seat base 230 of operator seat 115, 
accelerometer 220 may be mounted on any appropriate parts 
of Work machine 100 to measure corresponding Whole body 
vibration exposures. 

Cable 216 may be any appropriate type of cable to carry 
electrical signals corresponding to acceleration or vibration 
on an x-axis, y-axis, and Z-axis. X-direction input 210, 
y-direction input 212, and Z-direction input 214 may be 
coupled With accelerometer 220 to receive signals from 
accelerometer 220 corresponding to acceleration or vibra 
tion on the x-axis, y-axis, and Z-axis, respectively. 

In certain embodiments, as shoWn in FIG. 2B, acceler 
ometer 220 may be mounted inside housing 202 such that 
PAD dosimeter system 110 may be a self-contained box. 
PAD dosimeter 110, speci?cally housing 202, may then be 
mounted or bolted on seat base 230 or on any appropriate 
parts of Work machine 100. X-direction input 210, y-direc 
tion input 212, Z-direction input 214, and cable 216 may be 
absent. 

In both cases, Whether accelerometer 220 is con?gured 
inside or outside housing 202, PAD dosimeter 110 may be 
con?gured as a portable device With appropriate mounting 
mechanisms. Auser (e.g., an operator, an oWner, or a service 
person of Work machine 100) may then mount and operate 
PAD dosimeter 110 during operation of Work machine 100. 
The operation result of PAD dosimeter 110 may be further 
displayed to the operator or outputted by I/O port 218. 

I/O port 218 may be any appropriate type of connector to 
connect PAD dosimeter system 110 to external systems. In 
certain embodiments, I/O port 218 may be a universal serial 
bus connecting PAD dosimeter system 110 to an external 
personal computer (PC) (not shown) to record collected 
exposure data. In certain other embodiments, I/O port 218 
may also be a data link connecting PAD dosimeter system 
110 to controller 120. In certain other embodiments, I/ O port 
218 may be a data link connecting PAD dosimeter system 10 
to operator display devices (not shoWn) to display measure 
ment results. Although not shoWn in FIG. 2A, PAD dosim 
eter system 10 may also have a display device mounted on 
housing 202 to display measurement results as Well. 

Those skilled in the art Will recogniZe that the components 
described in FIG. 2 are exemplary only and not intended to 
be limiting. Other components may also be added. For 
example, PAD dosimeter system 110 may include different 
sensors, such as microphones, to detect other environmental 
parameters (e.g., noise level) and may also include process 
ing modules to process such environmental parameters. 

Further, PAD controller 250 may be any appropriate type 
of control system to provide signal processing, data collec 
tion, data analysis, data communication, and any other data 
and/or control functionalities. FIG. 3 shoWs an exemplary 
functional block diagram of PAD controller 250 consistent 
With disclosed embodiments. 
As shoWn in FIG. 3, PAD controller 250 may include a 

processor 302, a memory module 304, I/O interfaces 306, 
I/O connections 308, and a bus 310. Those skilled in the art 
Will recogniZe that other components may also be included 
in PAD controller 250. 

Processor 302 may be any appropriate type of processor. 
For example, processor 302 may include one or more 
general purpose central processing units (CPUs). Processor 
302 may also include digital signal processors (DSPs). 
Alternatively, processor 302 may include microcontrollers 
With on-board memory and netWork ports (e.g., controller 
area netWork ports, pulse Width modulation ports, and I/O 
ports). In certain embodiments, processor 302 may commu 
nicate With controller 120 via bus 310 under predetermined 
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protocols, such as J 1939. Other communication protocols 
and bus types, however, may also be used. 
Memory module 304 may include one or more memory 

devices, such as, but not limited to, a ROM, a ?ash memory, 
a dynamic RAM, and a static RAM. Memory module 304 
may be con?gured to store information used by processor 
302. Further, memory module 304 may be external or 
internal to processor 302. I/O interfaces 306 may be one or 
more input/output interface devices receiving data (e.g., 
control signals) from processor 302 and sending data (e.g., 
data signals corresponding to x-direction, y-direction, and 
Z-direction acceleration, and control signals corresponding 
START, STOP, and RESET operations) to processor 302 via 
I/O connections 308. I/O interfaces 306 may also include 
connections to I/O port 218. 

Returning to FIG. 1, controller 120 may represent a 
system of one or more on-board modules, interface systems, 
data links, and other types of components that perform 
machine processes on Work machine 100. Controller 120 
may also include communication devices for communicat 
ing With different types of off-board systems (not shoWn). 
FIG. 4 illustrates a block diagram of controller 120 in 
connection With PAD dosimeter system 110 consistent With 
certain disclosed embodiments. 
As shoWn in FIG. 4, controller 120 may include an 

interface control system 402, a Wireless interface 404, an 
antenna 406, on-board modules 410, sensors 412, on-board 
components 414, and data links 408 and 416. On-board 
modules 410 may include one or more control modules or 
interface modules Within Work machine 100 that control 
sensors 412 and on-board components 414 or other types of 
sub-components. For example, on-board modules 410 may 
include an engine control module (ECM), a poWer system 
control module, a global positioning system (GPS) interface 
device, an attachment interface that connects one or more 

sub-components, and any other type of device that Work 
machine 100 may use to facilitate and/or monitor operations 
of the machine during run time or non-run time conditions 
(e.g., machine engine running or not running, respectively). 

Sensors 412 may include a variety of physical sensors for 
monitoring safety and operational conditions of Work 
machine 100, such as hydrogen detection sensors, tempera 
ture sensors, voltage and current sensors, speed sensors, air 
or fuel ?oW sensors, position sensors including GPS position 
sensors, radar based sensors, laser based sensors, and any 
other type of sensor that Work machine 100 may include to 
monitor operations of the machine. On-board components 
414 may represent one or more components that receive 
data, control signals, commands, and/or information from 
on-board modules 410. On-board components 414 may 
represent different types of Work machine components that 
perform various operations associated With the type of Work 
machine 100. For example, on-board components 414 may 
include one or more engine components and one or more 

transmission type components. 
Interface control system 402 may control sensors 412 and 

on-board components 414 through on-board modules 410. 
Interface control system 402 may include any appropriate 
type of on-board computer system for providing control 
functions to other modules Within controller 120. Interface 
control system 402 may also provide interface functions 
betWeen Work machine 100 and one or more off-board 

systems (not shoWn). An off-board system may represent a 
system that is located remotely from Work machine 120. For 
example, an off-board system may include Web broWser 
softWare that requests and receives data from interface 
control system 402 and displays information to a user 
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6 
operating the off-board system. A user may also control 
certain aspects of Work machine 100 using control com 
mands sent from an off-board system to interface control 
system 402, Which may then send control commands to 
targeted components or subsystems on Work machine 100. 
Although FIG. 4 shoWs that interface control system 402 
may communicate With an off-board system through Wire 
less interface 404 and antenna 406, an off-board system may 
also connect to Work machine 100 through Wire or other 
Wireless data links. 

Wireless interface 404 may include one or more Wireless 
communication modules con?gured to establish communi 
cation channels betWeen an off-board system and controller 
120. Wireless interface 404 may use any appropriate type of 
radio technology including mobile phone technology. Data 
link 408 may be provided for data and command exchanges 
betWeen interface control system 402 and Wireless interface 
404. 

Further, PAD dosimeter system 110 may be coupled With 
interface control system 402 via data link 416. Data link 416 
may represent a proprietary or non-proprietary data link, 
such as a Society of Automotive Engineers (SAE) standard 
data link including controller area netWork (CAN), J 1939, 
etc. Through data link 416, interface control system 402 may 
control PAD dosimeter system 110 according to pre-pro 
grammed procedures. Data link 416 betWeen interface con 
trol system 402 and PAD dosimeter system 110 may include 
a permanent connection. Alternatively, data link 416 may 
include a non-permanent connection. For example, PAD 
dosimeter system 110 may be a portable module and may be 
mounted or placed on Work machine 100 by any appropriate 
mechanisms, as previously explained. PAD dosimeter sys 
tem 110 may then be connected to interface control system 
402 via data link 416 When, for example, PAD dosimeter 
system 110 is aboard Work machine 100. 

In certain embodiments, interface control system 402 may 
also collect and process vibration data from PAD dosimeter 
system 110, and may further determine subsequent actions 
based on the collected and processed vibration data. Subse 
quent actions may include reducing engine poWer output, 
activating certain vibration reduction mechanisms, and/or 
adjusting operation environment of Work machine 100. 

In operation, processor 302 of PAD dosimeter system 110 
may execute softWare programs stored in memory module 
304 to perform a variety of operation processes based on a 
particular operation mode. As explained, PAD dosimeter 
system 110 may be operated as a portable device in a 
standalone mode, or coupled With interface control system 
402 in an integrated mode. When operating in the standalone 
mode, PAD dosimeter system 110 may be brought on board 
Work machine 100 by an operator. The operator may then 
mount PAD dosimeter system 110 on any appropriate parts 
of Work machine 100, such as seat base 230. The operator 
may also mount accelerometer 220 if accelerometer 220 is 
not included inside housing 202. Further operator may cause 
PAD dosimeter system 110, speci?cally processor 302, to 
perform a measuring process under control of the operator. 
FIG. 5 shoWs an exemplary ?owchart diagram of the mea 
suring process that may be performed by processor 302. 
As shoWn in FIG. 5, at the beginning of the measuring 

process, PAD dosimeter system 110 may be initialiZed (step 
502). Processor 302 may initialiZe hardWare devices in PAD 
dosimeter system 110 and may also set operational param 
eters for PAD dosimeter system 110. For example, processor 
302 may set various timers and/or sampling rate for PAD 
measurement and analysis. After initialiZation, processor 
302 may start a measurement timer (step 504). The mea 



US 7,210,356 B2 
7 

surement timer may be set as the time period of a Work shift 
(e. g., eight hours). Processor 302 may then receive a request 
from an operator to start measurement (step 506). Processor 
302 may receive the request When the operator presses 
START button 208. Alternatively, processor 302 may also 
receive the request by other means, such as a request from 
an external PC or other devices used by the operator. 
Optionally, operator may be asked to enter a key code or 
sWipe a card in order to start PAD measurement. Once 
processor 302 receives the request to start PAD measure 
ment (step 506), processor 302 may read and store the 
measurement data (step 508). Processor 302 may process 
electrical signals from x-direction input 210, y-direction 
input 212, and Z-direction input 214, Which may correspond 
to x-axis, y-axis, and Z-axis vibrations detected by acceler 
ometer 220. Processor 302 may convert the processed sig 
nals into digital data based on the sampling rate and store the 
digital measurement data in memory 304. The amount of 
data stored may vary according to the sampling rate. 

Further, processor 302 may determine Whether a request 
to stop the measurement is received (step 510). The request 
to stop may be generated by the operator When the operator 
presses STOP button 206 or, alternatively, by an external PC 
or other devices used by the operator. If processor 302 does 
not receive the request to stop (step 510; no), processor 302 
may continue step 508 to read and store measurement data. 
On the other hand, if processor receives the request to stop 
(step 510; yes), the measuring process may go to step 512. 

After stopping the measurement, or alternatively, When 
requested by the operator during machine operation, pro 
cessor 302 may perform appropriate calculations to deter 
mine Whole body vibration exposure using the stored data 
and algorithms stored in memory 304 (step 512). The 
algorithms may be any appropriate algorithms used to 
calculate Whole body vibration exposure levels. Operational 
parameters, such as Work shift length, may be chosen to be 
PAD speci?c. As a result of the calculations, processor 302 
may obtain an averaged vibration exposure during a Work 
shift by combining vibration exposures in x, y, and Z 
directions. 

In certain embodiments, processor 302 may perform 
intermediate calculations Without receiving a request to stop. 
The intermediate calculation may be used to project an 
overall Whole body exposure level before the end of the 
Work shift. 

Further, processor 302 may determine Whether Work 
machine 100 complies With PAD standard (step 514). To 
determine the PAD compliance, processor 302 may compare 
the calculated Whole body vibration exposure level With 
both an action threshold and a limit threshold of PAD 
standard. If the vibration exposure is greater than either or 
both threshold, processor 302 may display such information 
on an optional display device (not shoWn) or store the 
information for later retrieval. When operating in standalone 
mode, PAD dosimeter system 110 may be taken With the 
operator after a Work shift or any period of Work machine 
operation. An external PC or other devices may interact With 
processor 302 to retrieve data from PAD dosimeter system 
110. The retrieved data may be further analyZed by, for 
example, an oWner or a Work machine dealership, to deter 
mine machine conditions or Whether further service may be 
needed. 

FIG. 6 shoWs an interaction process performed by pro 
cessor 302. As shoWn in FIG. 6, at the beginning of the 
operational process, processor 302 may receive an external 
request (step 602). The external request may be generated by 
any appropriate type of external device. For example, the 
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8 
external request may be issued by an external PC via I/O 
port 218. Alternatively, the external request may also be 
issued by interface control system 402 via data link 416. 

After receiving the external request, processor 302 may 
determine Whether the request is a control request (step 604). 
If the request is not a control request (step 604; no), 
processor 302 may further determine Whether the request is 
a data request (step 608). On the other hand, if processor 302 
determines that the request is a control request (step 604; 
yes), processor 302 may read the control request and per 
form certain control actions indicated in the control request 
(step 606). For example, processor 302 may reset PAD 
dosimeter system 110. Processor 302 may also start mea 
surement, stop measurement, and/or perform calculations 
and analysis based on the control request. Processor 302 
may also alloW external devices take control over PAD 
dosimeter system 110. Once processor 302 completes con 
trol actions, processor 302 may continue to Wait on further 
external requests in step 602. 
On the other hand, if processor 302 determines that the 

external request is a data request (step 608; yes), processor 
302 may read the request and transfer data available on PAD 
dosimeter system 110 (step 610). The data may be stored in 
memory 304 and may include measurement data received 
from x-direction input 210, y-direction input 212, and Z-di 
rection input 214. Alternatively, processor 302 may also 
receive data contained in the data request and may perform 
certain data-related operations on the received data. After 
completing data transferring or data receiving, processor 
302 may continue to Wait on further external requests in step 
602. Similarly, processor 302 may also continue to Wait on 
further requests in step 602 if processor 302 determines that 
the request is not a data request (step 608; no). 
As explained, interface control system 402 may be 

coupled With PAD dosimeter system 110. FIG. 7 shoWs a 
control process that may be performed by interface control 
system 402. As shoWn in FIG. 7, at the beginning of the 
control process, interface control system 402 may obtain 
control over PAD dosimeter system 110, for example, pro 
cessor 302 of PAD dosimeter system 110, via data link 416 
(step 702). Once obtaining control, interface control system 
402 may issue certain requests to PAD dosimeter system 110 
regarding PAD measurements. For example, interface con 
trol system 402 may set a desired sampling rate or may 
choose certain algorithms provided by PAD dosimeter sys 
tem 110. Interface control system 402 may control PAD 
dosimeter system 110 to start measuring Whole body vibra 
tion exposure (step 704). 

Further, interface control system 402 may request and 
receive measurement data from PAD dosimeter system 110 
(step 706). Based on the received measurement data, inter 
face control system 402 may perform certain calculations to 
estimate an overall vibration exposure level (step 708). For 
example, interface control system 402 may receive an aver 
aged Whole body vibration exposure level during a period of 
one hour. Interface control system 402 may then calculate a 
projected Whole body vibration exposure level for a Work 
shift of eight hours (e.g., eight times the averaged Whole 
body vibration exposure level during a period of one hour). 
The calculation may be performed by interface control 
system periodically (e.g., every hour). 
Based on the projected Whole body vibration exposure for 

a Work shift, interface control system 402 may control 
certain components of Work machine 100, Which may likely 
produce Whole body vibration, to adjust Whole body vibra 
tion exposure levels (step 710). For example, if interface 
control system 402 estimates an average vibration exposure 
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value higher than a PAD threshold, interface control system 
402 may control engine operations to reduce total output 
poWer to reduce vibration. Interface control system 402 may 
also display messages to an operator on certain display 
devices (not shoWn) on Work machine 100. The operator 
may then take appropriate actions to reduce Whole body 
vibration exposure, such as reducing load or engine speed. 
On the other hand, if the estimated Whole body vibration 

exposure is Within PAD standard limitations, interface con 
trol system 402 may decide not to perform adjustments. 
Interface control system 402 may complete the control 
process. On the other hand, after making the adjustments, 
interface control system 402 may again determine Whether 
a projected Whole body vibration exposure level is Within 
the PAD standard limitations (step 712). If interface control 
system 402 determines that the projected vibration exposure 
level is Within the PAD limitations (step 712; yes), interface 
control system 402 may complete the control process. If 
interface control system 402 determines that the projected 
vibration exposure level is still greater than the PAD stan 
dard limitations (step 712; no), interface control system 402 
may continue to perform adjustments in step 710. After a 
certain number of such adjustments, hoWever, interface 
control system 402 may decide to stop further adjustments 
and may also indicate such failure to the operator. 

Optionally, although not shoWn in FIG. 7, interface con 
trol system 402 may transfer received data to an off-board 
system via Wireless interface 404. The off-board system may 
be equipped With more sophisticated softWare programs to 
further analyZe the received data. The analysis results may 
then be provided to Work machine dealers, operators, oWn 
ers, and/or other parties of interest. Further, the off-board 
system may be con?gured to perform certain control pro 
cesses via interface control system 402 to direct control PAD 
dosimeter and/or Work machine components. For example, 
the off-board system 402 may include computer servers of a 
Work machine dealer service netWork. The computer servers 
may automatically collect PAD compliance information of a 
Work machine from PAD dosimeter 110 directly or from 
interface control system 402. The collected PAD compliance 
information may then be used to provide service to the Work 
machine or present the PAD compliance information to an 
oWner of the Work machine. 

INDUSTRIAL APPLICABILITY 

The disclosed methods and systems may be incorporated 
in Work machines Where it may be desirable to determine 
PAD compliance of the Work machines, including both PAD 
action threshold and PAD limit threshold. The proposed 
PAD dosimeter system and method may use algorithms 
related to the PAD standard to provide a compact, portable, 
accurate, and loW cost solution for an operator or oWner of 
a Work machine to determine Whole body vibration PAD 
compliance corresponding to a particular type of Work 
machine operation. By directly displaying PAD compliance 
to the operator, complex data analysis and costly softWare 
programs may be avoided. Additionally, the proposed meth 
ods and systems may be used to measure other environmen 
tal parameters such as noise. 

The proposed PAD dosimeter system may also alloW 
Work machine oWners or dealers to transfer PAD measure 
ment data to their oWn computers to record the PAD 
measurement data. Work machine dealers may further ana 
lyZe the PAD measurement data to provide meaningful 
information services to Work machine oWners or operators. 
Further, the proposed systems and methods may be used in 
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10 
combination With other on-board control systems of Work 
machines to provide real-time PAD compliance data. 
The proposed PAD dosimeter system may be mounted on 

a Work machine as a self contained or semi-self contained 
unit to provide desired portability. The proposed PAD 
dosimeter system may also enable PAD compliance mea 
surement on Work machines not already equipped With a 
PAD dosimeter system (e.g., retro?t). 

Those skilled in the art Will recogniZe that the systems and 
processes described above are exemplary only and not 
intended to be limiting. Other systems may be used, other 
processes may be created, steps in the described processes 
may be removed or modi?ed, the order of these steps may 
be changed, and/or other operation steps may be added. 

The invention claimed is: 
1. A portable physical agents directive (PAD) dosimeter 

system, comprising: 
a housing con?gured to be selectively mounted on a part 

of a machine; 
at least one accelerometer mounted inside the housing to 

generate electrical signals based on vibrations experi 
enced by the housing, Which correspond to a vibration 
exposure of an operator of the machine; and 

a controller contained in the housing and con?gured to 
process the electrical signals and to determine Whether 
the vibration exposure is above a predetermined thresh 
old. 

2. The portable PAD dosimeter system according to claim 
1, Wherein the predetermined threshold is either a PAD 
action threshold or a PAD limit threshold. 

3. The portable PAD dosimeter system according to claim 
1, further including: 

an I/ O port con?gured to alloW the controller to exchange 
data With an external microprocessor based device. 

4. The portable PAD dosimeter system according to claim 
1, further including: 

a display device con?gured to indicate Whether the vibra 
tion exposure is above either a PAD action threshold or 
a PAD limit threshold. 

5. The portable PAD dosimeter system according to claim 
1, Wherein the housing is mounted on a base of a seat for an 
operator of the machine. 

6. A machine, comprising: 
an engine con?gured to provide poWer to the machine; 
a portable physical agents directive (PAD) dosimeter 

?tted to the machine, the portable PAD dosimeter 
including: 
at least one sensor to generate electrical signals corre 

sponding to a vibration exposure of an operator of 
the machine, and 

a controller con?gured to process the electrical signals 
and to determine Whether the vibration exposure is 
above a PAD threshold; and 

a separate on-board control system coupled With the 
portable PAD dosimeter via a data link to exchange 
information With the portable PAD dosimeter. 

7. The machine according to claim 6, Wherein the portable 
PAD dosimeter further includes: 

a display device to indicate to the operator Whether the 
vibration exposure is above a PAD threshold. 

8. The machine according to claim 6, Wherein the at least 
one sensor includes at least one accelerometer. 

9. The machine according to claim 6, Wherein the portable 
PAD dosimeter further includes at least one microphone and 
at least one processing module to determine a noise level of 
the machine based on the microphone. 
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10. The machine according to claim 6, wherein the 
on-board control system further includes a Wireless com 
munication module for establishing a communication path to 
transfer PAD compliance information from the portable 
PAD dosimeter to a location remote from the machine. 

11. The machine according to claim 6, Wherein the 
on-board control system is con?gured to control vibration 
producing components of the machine to reduce Whole body 
vibration of the machine. 

12. The machine according to claim 11, Wherein the on 
board control system is con?gured to control vibration by 
reducing an operating speed of the engine. 

13. A dealer service netWork having one or more 
machines according to claim 6, the dealer service netWork 
further including: 

one or more servers con?gured to automatically collect 
PAD compliance information from either the on-board 
control system or the portable PAD dosimeter. 

14. The machine according to claim 6, Wherein the 
on-board control system is further con?gured to: 

initialiZe the portable PAD dosimeter system; 
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start a measurement timer to set a Work shift period for the 

portable PAD dosimeter system; 
receive a request from the operator to measure the vibra 

tion exposure of the operator; and 
read measurement data from the portable PAD dosimeter. 
15. The machine according to claim 14, the on-board 

control system is further con?gured to: 
perform calculation based on the measurement data; and 
determine Whether the vibration exposure is above one of 

a PAD action threshold and a PAD limit threshold. 
16. The machine according to claim 6, Wherein the 

controller is further con?gured to: 
receive a request from the on-board control system; 
determine Whether the request is a control request or a 

data request; 
perform, if the request is a control request, an action 

corresponding to the control request; and 
transfer data to the on-board control system if the request 

is a data request. 

* * * * * 
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